Purpose Traumatic events in adolescence rarely occur in isolation. Multiple traumatic experiences are prevalent, diverse and a well-established risk factor for mental health disorders. The aim of this study was to explore and explain the heterogeneity in trauma profiles in a nationally representative sample of US adolescents. Method Using latent class analysis, data on 10,123 adolescents aged between 13 and 18 from the National Comorbidity Survey Adolescent Supplement were examined. In addition, the relationships between the emergent classes and demographic and clinical variables were explored. Results A four-class solution was the best fit of adolescent trauma patterns, with classes labelled as low risk, sexual assault risk, non-sexual risk and high risk. When compared to the low risk class, those in the other classes were significantly more likely not to live with either biological parent, display symptoms indicative of mood and anxiety disorders, and to have higher rates of disorder comorbidity. Conclusions This provides evidence of four distinct groups of adolescents who have experienced a variety of traumas. Evidence demonstrates the increased risk of adolescents with a history of trauma meeting the diagnostic criteria for not only individual disorders but also comorbidity across disorder categories.
Introduction
Studies examining trauma rates and subsequent negative outcomes among nationally representative populations are common, but until recently, few have focused on adolescent populations [1] [2] [3] . Evidence shows that by the time an individual reaches adolescence, they are at risk of experiencing at least one traumatic event [4, 5] , and when compared to adulthood, trauma exposure is at its peak during this time. This peak exposure time is reflected in research, with higher rates of post-traumatic stress disorder (PTSD) found in adolescents (13 %), compared to adults (7 %) [5] .
Similarities exist between adolescent and adult trauma experiences, with events such as the death of loved ones, accidents, threats of violence and witnessing injury or death, prevalent in both populations [1, 6] . That said, whilst trauma types may be similarly prevalent, experiences and expressions of trauma are clearly not uniform across individuals and it is now well recognised that trauma experienced during adolescent years may create its own risks for negative psychological outcomes [7] .
Research has explored such negative outcomes, showing various sequelae such as depression, personality disorders and PTSD [8] [9] [10] [11] [12] . However, most have focused on specific traumas, with sexual, physical and emotional abuse well represented in the literature [8, 9, [13] [14] [15] . Research focusing on particular traumas can lead us to erroneously believe that such events occur in isolation, with some suggesting such studies to be methodologically limited [16, 17] . It has been suggested that results from studies finding a link between single traumas and outcomes, such as substance use, mood and anxiety disorders, are ''tentative at best'' [17] as exposure to other traumas is not considered. For example, some looking specifically at childhood sexual abuse does not consider the impact that other traumas can have on subsequent psychopathology [14] or look only at the impact of other adversities such as family environment [15] .
Studies have now begun to investigate multiple trauma experiences and subsequent mental health. For example, in a study of 2030 children examining trauma symptoms [18] , multiple victimisation was common. Twenty-two percent were found to experience more than four victimisations (poly-victimisation) in the previous year alone (including sexual assault, physical abuse and witnessing assault to others). Evidence was also provided that poly-victimisation was highly predictive of poor psychological outcomes, with clinical levels of depressive and anxiety symptoms (80 and 86 %, respectively) evident in 10-to 17-year old [18] .
Evidence suggests that a traumatic event rarely occurs in isolation [18] , and while adolescents can suffer the same traumas as adults [5] , adolescent trauma patterns and mental health sequelae must be further examined. To do this, recent studies have begun to apply statistical techniques such as latent class analysis (LCA), as a way of examining clusters of individuals within large and varied samples. For example, in a US sample of persons aged between 15 and 54, four trauma classes were identified: 'high risk', 'exposure to non-sexual adult interpersonal/non-interpersonal trauma', 'intermediate risk/sexual abuse' and, consisting of the highest proportion of individuals, 'low risk' [6] . Similar trauma patterns have also been identified using LCA in Danish school children age 13-15 [1] , with the largest proportion also found to be in a 'low risk' trauma category. Such studies have helped to improve our understanding of the psychological outcomes of trauma by providing evidence that membership of high risk trauma classes can greatly increase the risk of disorders such as depression, psychosis, alcohol and drug dependence [6] and PTSD [1] .
There are two main aims associated with this study. First one is to determine if there are meaningful clusters of adolescents with similar trauma experiences across the full spectrum of traumatic events. Second one is to explore the relationships between these homogeneous groups in terms of demographic variables, and the presence and comorbidity of clinical diagnoses encompassing a range of DSM-IV disorders [19] , not previously used in research with latent trauma classes [1, 6] .
This study contributes to the literature in a number of ways. Firstly, previous studies that have examined trauma and mental health outcomes using the National Comorbidity Survey Adolescent Supplement (NCS-A) have done so with a smaller sub-sample (N = 6483) and using analytic techniques such as discrete time-survival analysis [20, 21] . This study utilises the full NCS-A student sample (N = 10,123), applying LCA to identify clusters of adolescents sharing similar trauma patterns. Secondly, a larger sample size is submitted to LCA than in previous studies utilising the same analysis tool [1, 6] , with participants encompassing a wider adolescent age range [1, 3] . Thirdly, this study not only looks at individual mental health diagnoses but also examines comorbidity across disorders by looking at the three DSM-IV categories under which they fall (i.e. mood, anxiety and substance use).
Method Sample
This study used data from the NCS-A [22] , a nationally representative epidemiological survey of 10,148 adolescents aged 13-18 years carried out in the United States (2001) (2002) (2003) (2004) . The NCS originated as a response to a nationally recognised need for information on predictors and patterns of mental health disorders amongst adults [23] . Beginning with the baseline NCS [24] , the same respondents were later re-interviewed (NCS-2) [24] , together with a new nationally representative household sample of 9282 adults, the NCS Replication (NCS-R) [25] gathered further information on the course of mental health disorders. The latest NCS extension, the NCS-A, surveyed the prevalence, correlates and patterns of DSM-IV [19] mental health disorders amongst adolescents. The NCS-A is a dual-frame study, with adolescents recruited from a household sample (N = 904) and from a nationally representative school sample (N = 9244), with a combined adolescent response rate of 75.6 %. Also a number of non-students were included in the household sample, offering the possibility of comparing how they differed from students. However, as no precise inferences could be made from such a small sample of non-students (N = 25), they are not included in any analysis [26] . Weighting for analysis, therefore, applies to the 10,123 adolescent students. A full description of the NCS-A can be found elsewhere [26, 27] . Just over half the sample was female (51.1 %), and the mean age was 15.2 years.
Measures
The NCS-A [22] used the World Health Organisation Composite International Diagnostic Interview (WHO CIDI 3.0) [28] to obtain information about prevalence and correlates of mental health disorders, modified for use with adolescents [22] . Full details of the WHO CIDI are provided elsewhere [28] .
This study assessed trauma exposure using the PTSD section of the NCS-A [22] . Traumatic experiences identified by the adolescents in the screening section were analysed (N = 18), with the exception of the item covering other traumas. However, it was felt that the item concerning an undisclosed trauma was important to the analysis, in that whilst the exact nature of the trauma is unknown, the participant has chosen not to talk about it. This suggests that it elicited feelings of emotional pain, shame or maybe even deviance, all of which have been linked to subsequent psychological symptoms [7] . These 18 traumas represented a comprehensive list of trauma experiences and are consistent with the trauma categories required for a DSM-IV diagnosis of PTSD, including combat, sexual and physical assault, disasters, serious car accidents, life-threatening illnesses and witnessing serious injury or death, [19] . As suggested in previous research [29] , this study focused solely on these trauma events that represent the greatest risk for poorer outcomes and not on what can be viewed as negative life events (parental divorce, being placed into care, etc.). An exception, however, is with the inclusion of the death of someone close.
Fifteen DSM-IV [19] disorders were assessed in the NCS-A, with evidence provided elsewhere of the good concordance between the WHO CIDI and clinical diagnoses of these disorders [30] . Previous research using statistical techniques such as LCA to identify trauma patterns have found associations with a number of disorders, including PTSD [1] , substance use, non-affective psychosis, bi-polar disorder and major depressive episodes [6] . To assess the impact of trauma across the spectrum of mental health diagnoses, and in a combination not previously used, two disorders were included from each of the mood, anxiety and substance use categories of the DSM-IV [19] . They included lifetime prevalence of alcohol abuse, drug abuse, dysthymia, major depressive episode, generalised anxiety disorder (GAD) and PTSD. Demographic variables used in this study were gender, race and living arrangements (living with both biological parents, one biological parent or neither biological parent).
Analyses
Statistical analyses were conducted in three stages using Mplus version 7 [31] . First, LCA was employed to determine if there were meaningful groups sharing similar patterns of trauma experience. In order to account for the complex survey sampling of the data, all analysis included sampling weights. The fit of five models (two-class through to sixclass) was assessed using the Akaike Information Criterion (AIC) [32] , the Bayesian Information Criterion (BIC) [33] and the sample size-adjusted Bayesian Information Criterion (ssaBIC) [34] . Given the complex survey data, a suitable alternative to the bootstrap likelihood ratio test (BLRT) to compare models [35] is the Lo-Mendell-Rubin adjusted likelihood ratio test (LMR) [36] . Entropy measures were used to determine how accurately participants were classified, with higher values (ranging from 0 to 1) indicating better classification [37] . Second, gender, race and living arrangements were added to the model in order to explore which variables significantly predicted class membership. Finally, the emergent latent classes were assessed for any associations with the six clinical variables and with possible comorbidity amongst the clinical categories. Table 1 shows the frequencies of trauma exposure, together with results from bivariate Chi square tests of independence between trauma type and gender (significant values in bold). The most common trauma experienced was the death of a loved one, followed by witnessing someone being injured or killed, exposure to a major disaster and trauma experienced by a loved one. The least prevalent were exposure to a poisonous chemical, living in a terror situation and being beaten by either parents or a romantic partner. Chi-square tests were statistically significant for a number of the traumas, with expected frequencies indicating that females were more likely to report the death of someone close, trauma to someone close, witnessing fights at home, an undisclosed significant trauma, stalked, sexual assault, rape and being beaten by a romantic partner, whereas males were more likely to report witnessing injury/death, a major disaster, life threatening car accident, other threatening accident, being mugged/threatened with a weapon, serious illness, beaten (other) and exposure to a poisonous chemical.
Results
Less than half (38.2 %) of the participants indicated that they had not experienced any trauma, 28 % had experienced one, 16 % two, 8.1 % three, 4.2 % four and 5.4 % have experienced five or more traumas. This percentage breakdown was also repeated within the female and male populations, with less than half (38.3 % of females and 38.1 % of males) reporting no traumas and close to the overall 5.4 % (5.4 % of females and 5.7 % of males) reporting five or more traumas. Table 2 outlines the fit indices for the LCA, with best fit statistics highlighted in bold. The LMR becomes non-significant with the five-class solution (p = 0.72), suggesting that the four-class model should be accepted. The AIC, BIC and ssaBIC were lower for the four-class solution than for the previous class solutions, further supporting acceptance of this model. The entropy value (0.75) is at an acceptable level, with 0.80 considered high and 0.60 medium [38] . The latent class profile plot is shown in Fig. 1 .
Class 1 (1.3 %) was characterised by adolescents displaying relatively high probabilities of experiencing each of the 18 traumas (the exception being exposure to a poisonous chemical or substance, living in a place of terror and being beaten by a romantic partner). This class was labelled high risk. Class 2 (4.6 %) was characterised by adolescents displaying relatively high probabilities of experiencing witnessing fights at home and a loved one experiencing a stressful or life-threatening situation. Class 2 also displayed comparatively higher probabilities of experiencing sexual assault and rape. This class was labelled the sexual assault class. Class 3 (15.6 %) was characterised by adolescents displaying relatively higher probabilities of endorsing witnessing injury or death, experiencing a major disaster, having an accident other than in a car and being beaten by someone other than a parent or partner. With increased risk of interpersonal and non-interpersonal trauma experiences, all of which are non-sexual, this class was labelled the non-sexual trauma class. Class 4 (78.5 %) was characterised by adolescents displaying consistently lower probabilities of endorsing any of the traumas (with the exception of death of a loved one, which had high endorsement across all classes). This class, labelled the low risk class, was considered the baseline in further analyses. Class membership was used as the dependent variable in a multinomial logistic regression model, used to analyse associations between the classes and demographic variables. Variables representing gender, race and living arrangements were entered as predictors. Table 3 shows the odds ratios associated with each predictor and the trauma class percentages for each of the sociodemographic variables. Results indicate that, when compared to the low risk group, females have a significantly increased probability of being in the sexual assault group (OR = 8.15, p \ 0.001) and a significantly reduced likelihood of being in the nonsexual group (OR = 0.58, p \ 0.001). Class 3 showed slightly increased probabilities of having adolescents who are of non-White descent. This group, when compared to the low risk trauma group, were almost twice as likely to be Hispanic (OR = 1.71, p \ 0.001), or Black (OR = 1.73, p \ 0.001) when compared to White adolescents, with Class 2 showing a significantly reduced likelihood of being Black (OR = 0.69, p \ 0.05). All classes displayed significant increased probabilities of living with less than both biological parents when compared to the low risk group. Those living with neither biological parent being at significantly increased odds of being in the high risk class (OR = 14.49, p \ 0.001).
Logistic regression investigated the relationship between the latent trauma classes and clinical disorders. The latent classes were dummy coded, using the low risk class as the reference category, and were then entered to a logistic regression model as independent variables, with the clinical disorders as dependent variables. The high risk, sexual assault and non-sexual classes were significant predictors when compared to the baseline class. This finding suggests a significantly increased likelihood of a clinical diagnosis among the three trauma classes when compared to the low risk group. Results displayed in Table 4 show higher odds of any of the clinical disorders among the high risk class, suggesting that those in this class were at the highest risk for all disorders.
It is evident when looking at the percentages within the trauma classes of those who meet the criteria for each disorder that some degree of comorbidity across disorders is probable. To investigate this, further regression analysis determined the relationship between the trauma latent classes and disorder comorbidity (i.e. the presence of a substance use disorder along with a mood disorder). Table 5 shows the three trauma classes to be significant predictors of comorbidity across the disorder categories. The highest likelihood of comorbidity between two disorder categories across the three trauma classes was found with a substance use disorder (alcohol abuse/drug abuse) appearing alongside an anxiety disorder (generalised anxiety disorder/PTSD). The probability of comorbidity across all three DSM-IV categories is also significant within the trauma classes, with the high risk class being over 100 times as likely to suffer all disorder categories comorbidly (OR = 109.74, p \ 0.001) when compared to those in the low risk trauma group.
Discussion
The main aims of this study were to explore trauma profiles within a large sample of adolescents and to then investigate associations between trauma classes, clinical disorders and comorbidity. Results showed that the death of a loved one was the most commonly reported trauma, followed by witnessing injury or death. Living in a terror situation and being beaten (by parents or partner) were least reported. Evidence was also provided that trauma exposure does not occur in isolation, with over 33 % reporting two or more trauma experiences. Results showed that adolescent trauma experiences could be explained by a number of homogenous subgroups. The emergence of four latent classes, where low risk and high risk profiles are evident, shows consistency with previous trauma research [1, 6] . The four classes in this study were labelled high risk (class 1), sexual assault risk (class 2), exposure to non-sexual trauma (class 3) and low risk (class 4). Just over 90 % of participants were to be found in classes 3 and 4. Class 4 represented participants who had very low probabilities of experiencing trauma, with the exception of the death of a loved one, common to all four classes. Class 3 represented a group that had increased probabilities of experiencing non-sexual interpersonal and non-interpersonal traumas. Whilst displaying probabilities of experiencing most traumas at levels somewhere between the previous two groups, members of class 2 displayed probability levels of experiencing sexual assault and rape similar to those in the high risk group. This group also displayed higher probabilities of having experienced an undisclosed trauma. This supports the view that such undisclosed traumas may be linked to feelings of shame or deviance, feelings previously shown to be associated with sexually related traumatic experiences [7] . The group representing the smallest proportion of participants was class 1, displaying relatively high probabilities of experiencing most traumas, particularly those involving serious interpersonal violence, or witnessing such violence perpetrated against others. The small size of this high risk class is meaningful in that whilst a large proportion of this adolescent population have suffered some form of trauma(s), it is only a few who have suffered multiple trauma events during their childhood to adolescent years. As with previous research, gender differences within trauma classes have been supported [6] . Females were more likely to experience trauma of a sexual nature but less likely to be exposed to non-sexual trauma. Previous research has found that ethnic minorities are less likely to be exposed to any potentially traumatic event when compared to whites [39] . It was therefore not unexpected that overall being of a minority ethnicity did not significantly predict trauma exposure in two of the three classes. However, it was significant that those of Black ethnicity were less likely than whites to be in the sexual assault risk group, supporting previous research where ethnic minorities display lower risks for experiencing unwanted sex [39] . Trauma events such as witnessing violence, which are typical of the profile of the non-sexual risk class in this study, are more likely to be experienced by ethnic minority groups [39] , a finding supported here with non-whites, being more likely to be in this class when compared with the low risk class. Living in a household where neither biological parent was present was found to be highly indicative of high risk trauma. Previous research indicates that living with both biological parents is more beneficial to adolescents [40] , with not living with both parents shown to be associated with a higher total number of traumatic events, including physical and sexual abuse, serious accidents and threats of beatings [41] .
Consistent with previous research [6] , results indicate a significantly increased likelihood of a substance use/-mood/anxiety disorder diagnosis across all classes when compared to the low risk group, and that disorder comorbidity is strongly associated with trauma events. It is difficult to compare the findings of this study to previous research due to the small body of work exploring latent trauma classes and mental health outcomes. That said, evidence from previous research can still be cited here for a number of reasons. First, research has consistently shown females to be more at risk of developing anxiety disorders, particularly as a result of sexually related trauma [42] , and for such females to then be uniquely associated with PTSD, occurring comorbidly with GAD [43] . Such findings are supported within this study, with those in the sexual assault risk group being over eight times as likely to be female, over 26 times as likely to have a diagnosis of PTSD and just over three and a half times as likely to have GAD. Second, previous research has also found anxiety disorders to be associated with emotional traumas, that is, those traumas that do not stem from a physical act, e.g. being assaulted or being in an accident [44] . However, within this study, those in the high risk group, who were at the highest risk of the anxiety disorders examined, reported a wide variety of physical based traumas, ranging from being mugged to witnessing fights at home.
With the exception of PTSD, where significant and high rates of association are to be expected between it and trauma events, risk of substance use disorders was significantly high in all trauma classes. This is consistent with previous research where substance abuse disorders are highly prevalent amongst adolescents, with lifetime prevalence rates ranging from 11.4 % [45] to as high as 32.4 % [46] . Research shows adolescents with a trauma history are more likely to report and be treated for substance abuse than those who have suffered no trauma [47, 48] , with a strong correlation existing between PTSD and substance abuse [49] .
Adolescents in all trauma groups had high probabilities of the presence of a mood disorder (dysthymia and major depressive episode). Research has unequivocally shown depression to be one of the most common symptoms reported by survivors of childhood trauma, particularly those who experienced sexual abuse [50] . Here, two extremes of mood disorders were explored: a mood 'episode' where a depressed mood is present for at least two weeks (major depressive episode) and a chronically depressed disorder where the adolescents mood is described as ''sad'', with symptoms present more days than not for at least 2 years (dysthymia) [19] . These two mood disorders showed significant associations with all trauma classes, with those in the high risk group over eleven times as likely to have had diagnoses of both dysthymia and a major depressive episode, when compared to the low risk class.
As mentioned above, it was to be expected that those suffering trauma would show increased probabilities of a PTSD diagnosis. Consistent with previous research [1] , the trauma classes displayed significantly higher probabilities of a PTSD diagnosis when compared to the low risk class. Further supporting previous work, with those in the sexual assault class being over 26 times as likely to suffer PTSD, adolescent PTSD has been shown to be related to trauma type. For example, Nooner et al. [7] demonstrated that 57 % of those suffering sexually related trauma had PTSD, compared to just 10 % of those who lived through a natural disaster [7] . Also consistent with previous research is the finding that PTSD is more likely to occur comorbidly with other clinical disorders, with one study finding 52 % of their adolescent female population displaying comorbid symptoms of PTSD and major depressive episode [4] . This study provided evidence that adolescents in the high risk trauma group were more likely to be female, more likely to live with neither biological parent and more likely to have a PTSD diagnosis. All findings were consistent with previous research where PTSD has been found to be twice as likely to develop in females, those with less social support and those who suffer repeated traumas [7] .
This study further examined the association between trauma profiles and clinical disorders by looking at the presence of disorder category comorbidity amongst the latent classes. High rates of comorbidity were found across the trauma classes when compared to the low risk class for substance use disorders appearing comorbidly with either a mood or anxiety disorder, and a mood disorder appearing alongside an anxiety disorder. Findings were consistent with previous research, where the psychological sequelae of childhood trauma has shown the comorbidity of anxiety, mood [51] and substance use disorders [52, 53] . A key finding of this study was that the highest rates of comorbidity were present for substance use and anxiety disorders across the three trauma classes, with those in the high risk class almost 40 times as likely to meet the diagnostic criteria for a substance use and anxiety disorder. Despite the fact that it is hard to compare this research to past work, in that few studies have examined clinical disorders with reference to latent trauma classes; previous research has found substance use disorders to frequently appear comorbidly with other clinical disorders, particularly mood and anxiety disorder [54] . Whilst previous work has shown that substance use disorders are more likely to appear comorbidly with mood disorders [55] , other work has found evidence of high rates of substance use and anxiety disorder comorbidity, especially amongst females [56] and particularly with PTSD [57] . Previous research has also found evidence that over half (57.5 %) of those with a substance use disorder occurring comorbidly with an anxiety disorder, particularly PTSD was more likely to have had their most upsetting traumatic experience before the onset of either disorder [58] . Future work could further explore this issue by examining the temporal ordering of trauma events and onset of clinical disorders.
This study set out to identify clusters of adolescents who share similar patterns of trauma experience and may help towards a fuller understanding of adolescent trauma typology. With that in mind, however, a few limitations must be highlighted. The main trauma categories used here were found within the PTSD section used in the NCS-A [22, 28] . It has previously been found that asking more detailed questions about traumatic events can lead to more accurate exposure reports [57] . This study may have benefited with more detailed questions, with particular focus on sexual assault. The PTSD section covers only two categories-rape and any other sexual assault or molestation, with no items exploring the relationship to the perpetrator. Future NCS-A analysis could explore whether sexual abuse takes place within a family context by examining the frequency of sexual assault/rape events, a method supported by previous research [58, 59] .
This study has explored the variation in trauma profiles by looking at a range of trauma experiences occurring in adolescence. The contribution this study makes to the literature lies in the reasons as to why it is not directly comparable to previous research. First, this study uses a sample size that is much larger than in previous trauma studies using LCA [1, 6] . Second, an age range encompassing more of the teenage ages strongly associated with adolescence is used [1] . Finally, whilst there are a core set of trauma events that are consistent across studies such as the death of a loved one, sexual assault, rape and lifethreatening accidents, this study has used a larger range of trauma events that fall under the DSM-IV [19] criteria for PTSD diagnoses. These differences notwithstanding, heterogeneity in trauma experiences was evident through the identification of four homogenous sub-groups of individuals who share similar trauma profiles. The emergence of four classes is consistent with previous studies exploring trauma experiences using latent class analysis [1, 6, 19] , showing that adolescents are exposed not only to individual events but to a range of trauma experiences.
